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A COMPUTER PROGRAM TO CALCULATE THE LONGITUDINAL
AERODYNAMIC CHARACTERISTICS OF WING-FLAP
CONFIGURATIONS WITH EXTERNALLY BLOWN FLAPS

by Michael R. Mendenhall,
Frederick K. Goodwin, and Selden B. Spangler
Nielsen Engineering & Research, Inc.

SUMMARY

This document is a user's manual for the computer program developed
to calculate the longitudinal aerodynamic characteristics of wing-flap
combinations with externally blown flaps. A vortex-lattice lifting-
surface method is used to model the wing and multiple flaps. Each
lifting surface may be of arbitrary planform having camber and twist,
and the multiple-slotted trailing-edge flap system may consist of up to
ten flaps with different spans and deflection angles. The engine wake
model consists of a series of closely spaced vortex rings with circular
or elliptic cross sections. The rings are normal to a wake centerline
which is free to move vertically and laterally to accommodate the local
flow field beneath the wing and flaps. The two potential flow models
are used in an iterative fashion to calculate the wing-flap loading
distribution including the influence of the wakes from up to two turbofan
engines on the semispan. The method is limited to the condition where
the flow and geometry of the configurations are symmetric about the

vertical plane containing the wing root chord.

The calculation procedure starts with arbitrarily positioned wake
centerlines and the iterative calculation continues until the total
configuration loading converges within a prescribed tolerance. The
results available from the program include total configuration forces
and moments, individual lifting-surface load distributions, including
pressure distributions, individual flap hinge moments, and flow field
calculation at arbitrary field points.

This program manual contains a description of the use of the
program, instructions for preparation of input, a description of the
output, program listings, and sample cases.



INTRODUCTION

An engineering prediction method for calculating the static longi-
tudinal aerodynamic characteristics of wing-flap combinations with
externally blown flaps (EBF) is presented in reference 1. An externally
blown flap is a STOL high 1lift device in which the jet efflux from
turbofan engines mounted beneath the wing is allowed to impinge directly
on the trailing-edge slotted flap system. A large amount of additional
1lift is produced through engine wake deflection and mutual interference
effects. The purpose of the analysis in reference 1 is to provide a
potential flow method, requiring little use of empirically determined
information, to predict the detailed loading distribution on EBF
configurations. The method involves the combination of two potential
flow models, a vortex-lattice lifting-surface model of the wing and flaps
and a vortex ring model of the jet wakes. The two flow models are com-
bined by direct superposition such that a tangency boundary condition is
satisfied on the wing and flap surfaces. An iteration between the jet
wake position and the wing loading is carried out until the solution

converges.

The computer program described in this report is an improved and
extended version of the program of reference 2. Modifications include
the following. An improved vortex-lattice lifting-surface method is
used in which the trailing legs of the horseshoe vortices are allowed
to bend around the flap surfaces so that all the trailing vorticity
leaves the configuration tangent to the last flap. The geometry speci-
fication has been changed so that each flap surface can be modeled as a
separate lifting surface with a maximum of ten flaps permitted. The
iteration procedure has been automated so that the jet centerlines are
positioned according to the local flow field direction beneath the wing
and flaps, and the iteration procedure can be carried out a specified
number of times or until convergence to a specified tolerance is
achieved. The jet centerline calculation has been automated so that,
after starting with an arbitrary jet location, the centerline is allowed
to move so that it lies along local flow angles. The jet model of ref-
erence 2 was defined by a series of circular vortex rings. The improved
jet model will now handle elliptic rings; therefore, the jet may start
at the engine exit with an axisymmetric cross section and change to an

elliptic cross section as it moves downstream and interacts with the



lifting surface. The jet cross-sectional area and shape must be

specified by the user.

This document is a user's manual for the computer program developed
to carry out the calculations in the EBF aerodynamic prediction method.
Principal reliance is made herein to reference 1 for a description of
the details of the method and the calculation procedure. Reference 1
also contains calculated results and comparisons with data for a variety
of configurations. The following sections of this report will provide
a description of the program, a description of the input, a description
of the output, a program listing, and sample cases. The notation used
is the same as that of reference 1.

DESCRIPTION OF PROGRAM

The purpose of this section is to describe the EBF aerodynamic
prediction program in sufficient detail to permit a general understanding
of the flow of the program and to make the user aware of the analytical
models used to represent the jets and the lifting surfaces. Basically,
the program models the lifting surfaces with horseshoe vortices whose
circulation strengths are determined from a set of simultaneous equations
provided by the flow tangency boundary condition applied at a finite set
of control points distributed over the wing and flaps. The boundary
conditions include interference velocities induced by some external
source of disturbance such as the wake of a turbofan engine. The jet
wake is modeled by a series of closely spaced ring vortices, circular
or elliptical in shape, arranged on the boundary of the jet. The
strength of the vortices is specified by the initial velocity in the
wake which is determined from the momentum in the jet. The jet is
allowed to interact with the wing and flaps through the jet induced
velocity field on the lifting-surface control points. The wing and
flaps are then allowed to interact with the jet by forcing the jet
centerline to be aligned with the flow direction beneath the lifting
surfaces. This process is repeated iteratively until convergence of
both the lifting-surface loading and jet centerline position are

attained.




Calculation Procedure

The general flow of the program, shown in the flow chart in fig-
ure 1, proceeds as follows. After run identification information and
certain reference gquantities are read in, the wing geometry is input
and the wing lattice layout is set up and output. This is followed by
similar calculations for the flap surfaces. This concludes the lifting-
surface geometry specification; therefore, the influence coefficient
matrix, which is the left-hand side of the equation set and a function
of geometry only, can be calculated. The matrix is triangularized for
use in the solution of the simultaneous equations. This concludes the

first section of the program which need be considered only once in each

calculation.

The next section of the main program is that part in which the
solution is carried out and any iterations are performed. The first
step is the input of the initial jet parameters and the set up of the
jet centerlines in preparation for induced velocity calculations. The
jet induced velocity field at each lifting-surface control point is
computed at this time. The right-hand side of the equation set is now
computed. Solution of the equation set produces the values for the
circulation strengths of each horseshoe vortex describing the lifting
surfaces. Given the circulation strengths and the induced velocity
field, the load distributions on the lifting surfaces are calculated
and resolved into total forces and moments. At this point in the
solution, the total forces and moments correspond to those on a lifting
surface in the presence of a jet or jets in some specified position
relative to the wing and flaps. This may or may not be a converged
solution. Using the just-computed circulation strengths on the wing and
flaps, the induced velocity field at specified points on the jet center-
lines is computed. The jet induced velocity field at these same points
is also computed assuming each jet to be in its initially prescribed
position. The total velocity field, including the free stream, is formed
at the specified points on the centerline. The centerline at each of
these points is assumed to have the computed flow direction, and its

position is adjusted accordingly.

At this point in the solution, the first iteration is complete and
the solution may or may not be converged. The jet centerlines have been
moved; therefore, their new position does not correspond to the previously

calculated induced velocity field on the wing and flaps; thus, the
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interference loading on these lifting surfaces does not correspond to
the current jet positions unless the jets were moved only a small amount.
The option is available in the program to stop here or to continue on

for additional iterations.

If further iteration is indicated, the program returns to the
beginning of the iteration section and starts a second iteration by
computing the jet induced velocity field at the lifting-surface control
points. The solution continues as before. At the end of the current
iteration, two checks are made. The first test is on the local jet
centerline slopes. If these slopes have not changed an amount greater
than a prescribed convergence tolerance, convergence is assumed to be
attained, an appropriate message is printed, and the solution is
complete. If the centerline convergence test fails, the same tolerance
is applied to the current and previous values of total normal-force
coefficient. If this test indicates convergence, the program skips to
the final portion of the calculation procedure. If the convergence test
fails after the prescribed maximum number of iterations has been
completed, an appropriate message is printed and the program skips to

the final section.

In the final section of the program, the jet centerlines corre-
sponding to the last iteration are output. This jet configuration does
not correspond to the last set of loadings on the wing and flaps unless
convergence has been achieved, but it corresponds to the jet which should
be used for the next iteration. The purpose of printing these centerline
parameters is two-fold. First, it allows the user to compare the last
used centerlines with the new versions; and second, it provides a
centerline configuration with which to continue the iterations by

restarting the program.

The final calculation to be carried out, if requested, is the
computation of the induced velocity field at specified field points.
This option is provided so that the user may investigate the induced
flow field in the vicinity of a horiziontal tail position or other

points of interest in the flow field.

Program Operation

The EBF prediction program is written in Fortran IV and has been
run on CDC 6600 and 7600 computers. The version described in this



document was designed to be used under the FTIN compiler with a level 2
optimization. Other compilers can be used with only minor modifications
and lower optimization levels can be used with the only penalty being an
increase in run time. No tapes other than standard input and output
units are required for a typical run, although one option allows an
externally induced velocity field to be brought in via tape unit 4.

The main program, WNGFLP, contains one item which is not a standard
feature of all FIN compilers. Between cards WNGl62 and WNGl74 there are
two calls to subroutine REQFL. This is a request for an adjustment in
the core memory to make room for the influence coefficient matrix, FVN,
which is stored in a one-dimensional array. The purpose of this adjust-
ment is to minimize the core storage used until the large array is
required. FVN is dimensioned for unit length on card WNGO43. If sub-
routine REQFL or its equivalent is not available, the following changes
are required. First, remove cards WNGl62 through 174. Second, change
the dimension of the FVN array on card WNG043 to a value which will
cover the maximum number of elements in an influence coefficient matrix;
that is, the square of the total number of vortex-lattice panels on the
configuration of interest. Thus, the dimension of FVN can be made
large enough to cover the largest array anticipated, or the minimum size
array needed can be defined and the dimension changed as the number of

vortex panels is increased.

There is an alternative solution which minimizes storage requirements
for the FVN array when subroutine REQFL is not available. Program WNGFLP
can be turned into a subroutine with cards WNGl62-174 removed and the FVN
dimension set at unity. A short main program can be written which con-
sists of a blank common which sets the dimension of FVN to the required
size and a call to subroutine WNGFLP. In this way, a short five-card
main program is all that need be recompiled to change the size of the
FVN array. This alternate set up for a main program is illustrated in
figure 2 to accommodate a maximum vortex lattice of 165 elements. The
changes to the current main program, WNGFLP, to make it a subroutine

are also shown in this figure.

The following is a list of the components of the EBF program and ‘a
brief description of the function of each.
Main Program:

WNGFLP - controls the flow of the calculation and handles some input and

output duties




Subroutines:

WNGLAT

FLPLAT

INFMAT

FLVF

SIVF

RHSCILC

LINEQS
SOLVE

LOAD

FORCES

VELSUM

JET

JETCL

CORECT

VRING

ERING

JINTEG

ELI1

reads in wing input data, lays out the vortex lattice on the

wing, and outputs wing geometric information

reads in flap input data, lays out vortex lattice on the flaps
including wing trailing legs which lie on the flaps, and outputs
flap geometric information

calculates influence coefficient matrix

calculates influence function for a finite length vortex

filament

calculates influence function for a semi-infinite length vortex

filament

calculates the right-hand side of the simultaneous equations for

the vortex strengths
triangularizes the square influence coefficient matrix
solves for the circulation strengths

calculates the forces on the bound and trailing vorticity

associated with each area element

calculates and outputs the spanwise loading distributions and
total forces and moments and pressure distribution on the

complete configuration
computes wing-flap induced velocity field at a specified point

reads in initial jet parameters, outputs total jet configurations,

and calculates jet wake induced velocities at specified points

calculates the modified centerline position due to total velocity

field induced on the centerline

corrects field point locations relative to vortex rings to avoid

singularities

computes velocity components induced by a single, circular vortex
ring at an arbitrary field point relative to the ring

computes velocity components induced by a single, elliptic
vortex ring at an arbitrary field point relative to the ring

solves for the J-integrals required in elliptic vortex ring

equations

computes the generalized elliptic integral of the first kind




Subroutines (Cont'd):

ELI2 - computes the generalized elliptic integral of the second kind

obtains complete elliptic integrals of the first and second

kinds from tables

ELLIPS

QUART - solves a quartic equation

CUBIC - solves a cubic equation

QUAD - solves a quadratic equation
SIMSON - does a Simpson's Rule integration

Program Usage

Limitations.- It should be remembered that the prediction method is

made up of potential flow models which presume the flow to be attached
to the 1lifting surfaces at all times. When applying the program to

configurations at very high angles of attack or to configurations with
very large flap deflections, the results will generally be too high as

separation may exist on portions of the real model.

The program is a model for the wing and flaps only; therefore, when
comparing predicted results with measured characteristics on a complete
configuration, the force and moment contributions due to such items as
the fuselage, nacelles, and leading-edge slat must be included as
additional items. This is illustrated in the data comparisons in

reference 1.

There are certain limitations and requirements in laying out the
vortex-lattice arrangement on the lifting surfaces. These are discussed
in detail in the input section of this manual, but several of the more
important items are noted as follows. Since the current version of the
vortex-lattice method bends the trailing legs of the wing horseshoe
vortices around the flaps, in laying out the geometry care must be taken
that a flap surface not lie above the wing surface. For the same reason,

flap surfaces may not overlap.

The program has the capability of computing the induced velocity
field at any specified field point, but the modeling of the wing and
flaps with horseshoe vortex singularities can cause numerical problems
and unrealistic answers if a field point lies too near a singularity.

A general rule to follow when computing induced velocities is that the



field point should not be closer to a lifting surface than one half the
width of the nearest horseshoe vortex. This also has an effect on the
layout of the points defining the jet centerlines since wing and flap
induced velocities are important in the centerline iterations. This

detail is described when the preparation of jet input is discussed.

Run time.- Both the vortex-lattice lifting-surface and the vortex
ring jet models can be time consuming in a typical calculation; conse-
quently, their combination into the EBF program creates a calculation
procedure which can be very costly in terms of computer time. When the
program is used in the iterative mode, the required calculation time
increases nearly linearly with the number of iterations. Estimating the
computation time required for a calculation is difficult because of the
variables involved. Size of the vortex lattice, number of.flaps, number
of jets, length of the jets, shape of the jets, spacing of the vortex
rings, and iterations all help determine the total run time for a
calculation. A list of typical execution times for different combina-

tions of the above parameters is presented in Table I.

The long execution times for the elliptic jet cases are due entirely
to the additional complexity involved in computing the induced velocities
from elliptic vortex rings. The elliptic jet cases require so much
execution time that multiple iterations have been avoided in the use of
the program to date. There are some approximations to trim the run time
for elliptic jets which have been used by the authors. An equivalent
circular jet which has the same area distribution as the desired elliptic
Jet can be run through several iterations to get the approximate positions
of the centerline. The elliptic jets can then be put along these center-
lines, and the calculation continued for one or two additional iterations.
In this way, the elliptic jet effect on the lifting surfaces can be

obtained at some savings in total execution time.

Another method used to minimize execution time is to run the first
several iterations with a minimum size lattice to determine the approxi-
mate position of the jet centerlines. Then, the full lattice can be
input with the jets in their approximate positions and the solution

carried out several more iterations to convergence.



DESCRIPTION OF INPUT

This section describes the preparation of input for the EBF computer
program. In the following sections, some detailed information regarding
the layout of the vortex lattice and the specification of the jet wake
are presented. This is followed by a listing of all input variables
and their format and positions in the input deck. The last topic in
this section is a sample input deck illustrating a typical EBF calculation..

Vortex-Lattice Arrangement

The vortex-lattice method used in the EBF program is an extended

and modified version of the wing-flap program presented in reference 2.
For that reason, the wing-flap configuration considered herein is much
more general than that previously handled, and the specification of the
geometry for the input deck requires more detail than the input of ref-
erence 2. The characteristics of the configuration parameters are
listed below.
Wing

® Mean camber surface may have camber and twist.

® 1ecading-edge sweep angle need not be constant across semispan.

® Trailing-edge sweep angle need not be constant across semispan.

® Taper need not be linear and there may be discontinuities in the

local wing chords.

® Any dihedral angle is allowed but it must be constant over the

semispan.
® Thickness effects are neglected.

® Tip chord must be parallel to root chord.

Flaps
® A maximum of ten flaps may be considered, but no more than three

flaps may be behind any one wing chordwise row of panels,
® Fach flap may have camber and twist.

® Leading and trailing edges must be straight and unbroken on each

flap surface.
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Flaps (cont'd)
® Flap chord must have linear taper.
® Thickness effects are neglected.

® There may be slots between the flaps, but the leading edge of each
flap lies in the plane of the adjacent upstream lifting surface.

The vortex-lattice arrangement describing the wing and flaps is
general enough to provide good flexibility in describing the lifting
surfaces. A maximum of thirty (30) spanwise rows of vortices may be
used, and each lifting-surface component can have a maximum of ten (10)
chordwise vortices. The area elements on each lifting surface have a
uniform chordwise length at each spanwise station. In the spanwise
direction, the widths of the area elements may be varied to fit the
loading situations; that is, in regions of large spanwise loading gradi-
ents, the element widths may be reduced to allow closer spacing and more
detailed load predictions. The convergence of the predicted results as
a function of lattice arrangement is described in Appendix A of refer-
ence 2. These results apply to the current program with the following
exception. In reference 2, the spanwise distribution of the lattice
elements on the flaps was chosen independent of the lattice on the wing.
In the current program, the deflection of the wing trailing vortex legs
requires that the spanwise lattice elements on the flaps be directly

aligned with the lattice elements on the wing.

The maximum lattice size on the complete configuration is fixed at
250 in the program. The elements may be distributed in any proportion
over the wing and flaps, and for the sake of economy, considerably less
than this total number should be used for most calculations as illus-
trated by the run times in the table in the previous section of this
document. The following comments, based on the recommendations of
Appendix A of reference 2 and the authors' experience, are offered as
an aid to selecting the proper vortex-lattice arrangement for a wing-flap

configuration.

Spanwise distribution.- Convergence of gross aerodynamic forces and

moments to within 1 percent is obtained by using not less than fourteen
equally spaced spanwise rows of vortices. If an unequal spanwise spacing
is required to create a locally dense region of vorticity, the initial
spacing should be laid out approximately equal, with additional rows

11



added in the regions of interest. The spanwise spacing can be adjusted
small amounts to meet some additional requirements without changing the
gross loading properties. For example, it is desirable that engine wake
centerlines be positioned directly beneath a row of lattice element
control points; therefore, small adjustments in the lattice can be made
to meet this requirement. It is also desirable that there be some sym-
metry in the widths of the vortex elements about the engine centerline
station. This can cause some unusual distributions of lattice widths
as illustrated in figure 3 where a typical lattice arrangement on the
four-engine EBF model of references 3 and 4 is illustrated. 1In this
case the number of spanwise vortices was limited to fifteen to minimize
the total number of elements in the lattice. In this particular case,
the only suggested modification in the spanwise layout would be to add
two additional narrow rows of vortices, one inboard of the inboard jet
and one outboard of the outboard jet and redistribute the outboard

vortices near the tip into slightly more narrow rows.

Chordwise distribution.- Results in Appendix A of reference 2 indi-

cate that four is the minimum number of chordwise vortices on the wing
for best results and more than six vortices do not change the predicted
loads appreciably. A larger number of chordwise vortices on the wing
can be used if a chordwise pressure distribution is the goal of the

predictions.

The number of chordwise vortices on the flaps is somewhat arbitrary.
A rule of thumb is that the chord of the vortex element on the flap
should not be greater than the chord of the wing elements. Generally,
the chord of the flap elements will be much smaller than the wing
elements. If gross forces are the objective of the prediction, one or
two chordwise vortices per flap are all that are needed. If pressure
distributions are desired, there should be three to four chordwise
vortices per flap. The gross force will change very little with

additional flap vortices.

A comment that was made in reference 2 is also pertinent here. Care
should be taken in laying out vortices in regions of wake impingement.
Since interference of the jet on the lifting surfaces is "felt" only at
the control points of the area elements, small vertical and/or lateral
changes in the wake centerline can cause unrealistic changes in the wake

induced loading if the area elements on the flap are too large. This

12



is caused by the covering and uncovering of area elements whose control
points fall near the boundary of the jet. Results indicate that if a
sufficient number of elements are used in the wake region of the wing
and flap, the element sizes will be sufficiently small so that results

w1ll not be unduly influenced by changes in wake location.

The chordwise distribution of lattice elements on the EBF model in
figure 1 should be considered a minimum lattice. Flap 1 has but one
row of vortices, and flaps 2 and 3 have only two rows of vortices. This
is adequate for force and moment calculations, but the pressure distri-

bution results are not detailed enough for comparisons with data.

Jet Wake Specification

The vortex ring model used in the EBF program is an extended version
of the jet wake program presented in reference 2. Whereas the original
program considered only axisymmetric jets with the centerlines positioned
a priori, the present program will handle elliptic cross-section jets
and the centerlines are positioned by an iterative solution. This new
method removes some of the tedious input preparation required by the
previous program; however, the new method regquires careful layout of the
points describing the centerline and of the rings defining the jet
boundary. The best way to illustrate the description of a jet model
is to go through a sample case for a typical jet. A vortex ring model

of the inboard jet in references 3 and 4 is developed as follows.

The first step is to locate the geometric position of the actual
engine. From figure 2 of reference 4, the inlet of the inboard engine on
che left wing panel is at X = 1.43 m(4.68 ft), Y = -1.48 m(-4.85 ft), and
Z = 0.42 m(1.38 ft) in the wing coordinate system with origin at the wing
leading edge at the airplane centerline. The engine exit is at X = -0.40m
1-1.30 ft), Y = -1.48 m(~4.85 ft), and 2 = 0.42 m(1.38 ft). As noted in
reference 2, the jet model should be extended upstream of the actual engine
exit a distance of a minimum of two initial radii to give the model a chance
to develop the exit velocity profile. Thus, the jet model could start at
X = 1.43 m(4.68 ft) and go to X = -0.40 m(-1.30 ft) with a constant radius.
This initial portion of the jet is longer than necessary; therefore, in the
interest of conserving computation time, the jet is assumed to start at
X = 0.14 m(0.45 ft), Y = -1.48 m(~4.85 ft), Z = 0.42 m(1.38 ft) and have an
initial, constant radius section with length of 0.91 m(3.0 ft).

The initial cross-sectional area of the jet is assumed to equal the

sum of the fan exit area and the core engine exit area. From figure 4

13



of reference 4, the fan and core engine exit areas are 0.159 and 0.050 sgm
(1.71 and 0.54 sq ft), respectively. Thus, the initial jet area is 0.209sgrm
(2.25 sq ft) which is assumeé to be modeled by an equivalent circular cross

section with radius of 0.258 meters (0.845 ft).

The next step is to detdrmine the initial exit velocity in the jet
model so that we may specify the vortex cylinder strength. If the
average velocity in the exit is known from measurement, the vortex
strength can be determined directly from equation (28) of reference 1;

that is,

V.
- -3 _
= < 1 (1)

<=

where vj/v i the ratio of the jet exit velocity to the free-stream
velocity and v/V is the strength of a constant radius, semi-infinite
length vortex cylinder which represents a jet with the correct initial
momentum and velocity. Since the necessary velocity is not usually

available, an approximate value is calculated using equation (29) from

the same reference.

V.
2.1 S L2
V—2{1+J1+2CTAjpj} (2)

To get Vj from this eqguation, the engine thrust coefficient, Cp, and

the density ratio, p/pj, in the Jjet are required. The density ratio,
defined as the ratio of the ambient air density to the jet exhaust

density, can be estimated from the exhaust temperature. In eqguation (2),

S 1is the reference area used in defining Cg, and Ay is the initial

jet area which is calculated as the sum of the fan exit area and the

core engine exit area. Assuming a density ratio of 2.6, which is reasonable
for a tailpipe temperature of 538°C(1000°F), and choosing an engine thrust
coefficient of 1.0, equation (2) produces vj/v = 11.1. From equation(l),
the vortex cylinder strength defining the jet model vorticity to be input

into the program is ~/V = 10.1.

At this point the expansion rate and the shape of the jet must be
chosen. If some empirical knowledge of the jet to be modeled or of a
typical jet is available, it should be included in the specifications
in order to get the best physical model possible. Before a jet is
chosen, a decision must be made as to the cross-sectional shape of the
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selected. Based on figure 10 of reference 1, which was obtained from
flow field measurements, it is assumed that the jet cross section is a
2:1 ellipse at a point just aft of the last flap. These same measure-
ments are not used to determine the expansion rate because the measured
jet velocity ratio is much lower than we are considering. If we assume
that an elliptic jet expands at about the same rate as an axisymmetric
jet, the rate of expansion can be obtained from figure 8 of reference 1,
At approximately 12 radii downstream of the jet exit, the local radius
is approximately 2.2 times the initial radius; therefore, the jet cross-
sectional area has increased to approximately 4.8 times its initial
area. Using this value and the assumed 2:1 axis ratio, the jet is
completely described at this one point aft of the flaps.

Assuming an axisymmetric jet with linear expansion between the
engine exit and this point aft of the flap provides an area distribution
for the jet. If we further assume that the jet remains axisymmetric
until it reaches the flap surfaces and then, through linear variation of
the length of the vortex ring axes, approaches the 2:1 ellipse, we obtain
the solid curve for X € 12 ft. shown in figure 4. The circular jet
with the same area distribution is shown'dashed in this figure. Both
the circular and elliptic jets in figure 4 have nearly the same mass
and momentum distributions along the jets. Beyond X4 = 12 ft, the jet
is downstream of the flaps, and its shape has less effect on the induced
velocity field. Two options are open for this region of the jet. The
elliptic shape can bemaintained and simply extrapolated to the end of
the jet, or the shape can be changed back to circular and extraplated
to the end. 1In the interest of saving computer time, the latter choice
was made and the elliptic jet was returned to a circular shape in a
short distance. This last region of the jet is assumed to have a lower
rate of expansion as shown in figure 4. The following table illustrates
the parameters of the jet in the jet coordinate system.
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j&L Eggézzij%f Area Ratio aElliptic Axesb "
m_ (£t) m (£t) A/Aq m = (ft) | m = (se)| ¥
0 (0) 0.258(0.845) 1.00 0.258(0.845)] 0.258(0.845) 1.0
0.91 (3.0) 0.258(0.845) 1.00 0.258(0.845)| 0.258(0.845) 1.0
1.98 (6.5) 0.375(1.23) 2,12 0.375(1.23) | 0.375(1.23) 1.0
2.29 (7.5) 0.415(1.36) 2.55 0.451(1.48) [ 0.375(1.23) 1.20
2.59 (8.5) 0.448(1.47) 3.00 0.531(1.74) [ 0.375(1.23) 1.41
2.74 (9.0) 0.463(1.52) 3.25 0.570(1.87) [ 0.378(1.24) 1.51
2.90 (9.5) 0.482(1.58) 3.48 0.607(1.99) }0.381(1.25) 1.59
3.05(10.0) 0.500(1.64) 3.77 0.646(2.12) 1 0.387(1.27) 1.67
3.35(11.0) 0.533(1.75) 4.30 0.725(2.38) | 0.393(1.29) 1.84
3.66(12.0) 0.567(1.86) 4.83 0.802(2.63) | 0.399(1.31) 2.0
3.96(13.0) 0.576(1.89) 5.13 0.735(2.41) 1 0.463(1.52) 1.59
4.57(15.0) 0.597(1.96) 5.38 0.597(1.96) | 0.597(1.96) 1.0
6.10(20.0) 0.634(2.08) 6.06 0.634(2.08) | 0.634(2.08) 1.0

The above discussion includes the development of both an axisym-

metric and an elliptic jet model.

Either of the jets in figure 4 or the

above table could be used to represent the momentum in the wake, and the

only differences in the predicted interference effects would be caused

by the different portions of the wing influenced by two jets.

The

elliptic jet would tend to spread the load out in a spanwise direction

while the circular jet would concentrate the interference loading into

narrow regions on the lifting surfaces.

of thumb has been developed to determine the total length

the length was

A new rule
of the jet. 1In
comparison with

specified on the basis of
This

reference 2,
semi-infinite length vortex cylinder results.
method produced jets with lengths the order of 150 Rg.
time required to calculate the induced velocity field from a jet of this
length is excessive and not warranted on the basis of the small increase
In using the current program,

The computer

in accuracy achieved over shorter jets.
it is suggested that the jet extend downstream a distance behind the
last flap equal to the total chord of the wing and flaps combined.
user should investigate the effect of jet length on a particular configu-
ration by running one case with an extended jet and comparing predicted
jets longer than suggested above are not required

The

results. Generally,
unless velocity fields a long distance aft of the wing and flaps are

required. If this is the case, the jet should be lengthened so that
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it extends approximately one wing chord beyond the axial station at

which field points are desired.

The next item to be considered once the jet length and shape are
determined is the points on the centerline used to define the jet.
Linear interpolation between specified points in the table of jet param-
eters is used for intermediate points along the jet. Thus, tabular
points on the centerline are needed at the beginning, the end, and at
any point at which there is a change in the expansion rate of the boundary.
For example, in figure 4, the minimum required points in the jet table
would be at x5 = 0, 3, 6.5, 12, 15, and 20. This small number of points
is adequate for a description of the jet if it did not move during the
calculation; but since the program iterates on the centerline shape,
additional points should be added to the table. The procedure for laying
out the appropriate number and location of points on the centerline

should be carried out in the following manner.

A sketch of the wing and flap surfaces at the spanwise station
corresponding to an engine location is shown in figure 5. The jet
centerline, assumed straight, is also shown in its correct position
relative to the wing and flaps. Keeping in mind that more points on the
centerline are required in the region of greatest movement, the points
chosen to describe the centerline are shown as circles in the figure.
The points should be dense along the portion of the centerline near the
flaps except in the area immediately adjacent to the flap (x-: ~ 10.7).
Points are omitted from this area to avoid the numerical problems associ-
ated with being too near a horseshoe vortex. Points can be spread
farther apart aft of the flaps since the induced velocities are reduced
and the relative motion of these centerline points is less than other
points upstream. In general, too many points are better than too few

except in troublesome regions near the lifting surfaces.

The last critical parameter to be specified is the spacing between
the vortex rings. Ideally, the closer the rings, the more accurate the
results; but the closer the spacing, the more rings required to make up
the jet model and the longer the computer time needed to compute an
induced velocity field. A compromise number for the ring spacing is a
distance equal to approximately 0.1 Ry- This is not a firm number, but
it is generally a good estimate. The program has an option built into
it that allows the spacing to vary along the jet through use of the
variable DSFACT. This is simply a multiplying factor used to scale up
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the ring spacing to two or three times the initial value. This option
should never be used in the vicinity of the wing and flaps as the
accuracy of the induced velocity field at the control points will be
reduced. It is permissible to increase the spacing downstream of the

last flap. The use of this scaling factor is illustrated in the sample

input decks.

Input Variables

The purpose of this section is to describe the variables required
for input to the EBF program. An input form is presented in figure 6;
and for each item of input data shown in the figure, the following
information is given. The format for each card and the program variable
names are shown first. The card column fields into which the data are
to be punched are also shown. Within each block representing the card
columns is the FORTRAN format type. Data punched in I format are right
justified in the fields, and data punched in F format can be punched

anywhere in the field and must contain a decimal point.

Note that all length parameters in the input list have dimensions;
therefore, special care must be taken that all lengths and areas are

input in a consistent set of units.

Item number 1 is an index NHEAD which indicates how many cards of

information are to follow in item number 2. The value of NHEAD mus t be

one or greater.

Item number 2 is a set of NHEAD cards containing hollerith infor-

mation identifying the run and may start and end anywhere on the card.

The cards are reproduced in the output just as they are read in.

Item number 3 consists of one card and contains the following

information:

SREF reference area used in forming aerodynamic
coefficients

REFL reference length used in forming aerodynamic
moment coefficients

XM, ZM X and Z coordinates of point about which pitching
moment is calculated; wing coordinate system and
positive directions are shown in figure 3 and the
following sketch

TOL toleranceon C used for convergence criterion; a

typical valueMis 0.05
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DTH limit, in degrees, on the maximum deflection angle
of the jet centerline; this value is generally
70-85 percent of the maximum flap deflection angle
and is always input as a negative number
The variable DTH in Item 3 is used to model the turning effective-
ness of the jet and flap syétem. Static jet turning efficiency results
indicate that the efficiency decreases as the flap deflection angle
increases. For example, in figure 3 of reference 3, the 40° flap
deflection configuration has an efficiency of approximately 0.75, and the
559 deflection configuration has a turning efficiency of 0.70. Thus,
appropriate values of DTH for these two cases are -30.0° and ~-38.5°,
respectively. If this limit is not used, the jet turning angle approaches
the maximum flap angle and inaccurate results are predicted. The use of
the limit can be bypassed by defining DTH to be -90.0 in Item 3.

The next eight items of input data describe the wing.

Item number 4 specifies the value of NWREG, the number of wing
regions. The value of NWREG must be one or greater. The purpose of

dividing the wing into regions is to handle discontinuities in local
chord length. Region 1 must always extend from Y = 0 to the tip.
The sequence and position cf other regions is arbitrary. A wing with

three regions is shown in the following sketch.

r CRW
Wing Region #1 @
CIN #2 CIN

T !
'/ PHID
T =

SSPAN

Moment center
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Item number 5 contains three quantities which are also shown in

the previous sketch. They are:

CRW root chord of region 1, positive quantity
SSPAN wing semispan, positive quantity
PHID wing dihedral angle, degrees; positive dihedral is

shown in the sketch

Items 6, 7, and 8 are data describing wing region number 1. Data
input for this region determine the spanwise distribution of vortices
for all wing regions and all flaps. The present program requires that

the same spanwise distribution exist on all surfaces.

Item number 6 contains five indices. They are:

NCW number of chordwise vortices on wing region 1,
1 <{Ncw L 10
MSW number of spanwise vortices on left wing panel,
1 < msw < 30
NTCW twist and/or camber? NTCW = 0, no
NTCW = 1, yes
NUNI if wing has no twist and the camber distribution is
similar at all spanwise stations, NUNI = 1l; for all
other cases NUNI = 0 (omit if NTCW = O)
NPRESW is the wing pressure distribution to be calculated
and printed? NPRESW = 0, no
NPRESW = 1, yes

The minimum number of spanwise horseshoe vortices is determined by
the wing-flap combination geometry. The program requires that vortex

trailing legs lie at the following locations:

(a) the root chord and tip chord
(b) the side edges of all wing regions

(c) the side edges of all flaps
(d) points where there are breaks in leading-edge or trailing-edge
sweep

Item number 7 is a set of MSW+1l cards which specify the following:

Y (1) Y coordinate of the 1th trailing leg on the left
wing panel; Y 1is a negative number on the left wing
panel, but positive values may be input and program
will correct the sign [Y(1l) =0.0,Y(MSW+ 1) = —-SSPAN]

PSIWLE (I) leading-edge sweep of wing section to the right of
the Ith trailing leg, degrees; positive swept
back (méasured in wing planform plane)
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PSIWTE (I) trailing-edge sweep of wing section to the right of
the Ith +trailing leg, degrees; positive swept back

(measured in wing planform plane)

NFSEG(I) number of flaps behind wing section to the right of
the 1Ith trailing leg

When I = 1, Y(I) = 0 and the other three quantities are omitted.
If NTCW = 1 in item number 6, item number 8 is included in the
input data deck. These data specify the twist and/or camber distribution

of wing region number 1 in terms of the tangent of the local angle of

attack of the camberline for a root chord angle of attack of zero degrees.

The input data are:

ALPHAL (J) tan apy of the region 1 camberline at the vortex-
lattice control points. If NUNI = 1, only data
for the chordwise row adjacent to the root chord
are input. The first value is for the control
point nearest the leading edge. If NUNI = O,
data for all chordwise rows must be input starting
nearest the root chord and working outboard. Data
for each row start on a new card (omit if NTCW = 0).

The vortex-lattice control points are at the midspan of the three-—-quarter
chordline of each elemental panel laid out by NCW, MSW, and the Y(I)'s

of items 6 and 7.

Item numbers 9, 10, and 11 are input data for the other wing regions.

If NWREG, item number 4, is one, items 9, 10, and 11 are omitted. If
NWREG > 1, these items are repeated in sequence for regions 2 through

NWREG.

Item number 9 contains two indices which locate this wing region

spanwise relative to region 1. They specify the subscripts of the
elements in the Y (I) array, input in item 7, associated with inboard

and outboard side edges of this region.
IIN inboard side edge is at Y (IIN)
I0UT outboard side edge is at Y (IOUT)

Item number 10 contains five quantities. They are:

NCwW number of chordwise vortices in this region,
1 < nNcw < 10

NTCW twist and/or camber for this wing region?
NTCW = 0, no
NTCW = 1, vyes
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NUNI if this wing region has no twist and the camber
distribution is similar at all spanwise stations,
NUNI = 1l; for all other cases NUNI = 0 (omit
if NTCW = 0 for this region)

CIN inboard side-edge chord (see sketch), positive
quantity

TESWP sweep angle of the trailing edge of this region,
degrees

The vortices are laid out using the value of NCW for this region and
the portion of the Y(I) array beginning with Y (IIN) and ending with
Y (IOUT) .

Item number 11 is included in the input data deck if NTCW = 1 in item
10. These data specify the twist and/or camber distribution for this

wing region. These data are prepared in the same manner as described

under item number 8, the similar information for wing region 1.

Item number 12 specifies the number of flap regions, NFREG. For a
wing alone, NFREG = O and items 13 through 16 are not included in the
input data deck. A flap region is a particular flap arrangement behind
some spanwise region of the wing. The program will handle a total of

ten flaps.

Item number 13 contains four items of input which are repeated in

sequence NFREG times.

NINREG number of flaps in this region, 1 < NINREG < 3
IIN inboard side edge lies at Y(IIN) of item 7
I0OUT outboard side edge lies at Y (IOUT) of item 7

The next three items of input data are repeated in sequence NINREG

times beginning with the flap nearest the wing trailing edge and moving
rearward.

Item number 14 contains four indices. They are:

NCF number of chordwise vortices on this flap,
1 { NCF < 10

NTCF twist and/or camber for this flap?
NTCF = 0, no
NTCF = 1, yes

NUNI if this flap has no twist and the camber distribution
is similar at all spanwise stations, NUNI = 1; for
all other cases NUNI = O (omit if NTCF = O for
this flap)
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NPRESF is a pressure distribution to be calculated and
printed for this flap?
NPRESF = 0, no
NPRESF = 1, yes
The vortices are laid out using the value of NCF for this flap and the
portion of the Y (I) array input as item 7 beginning with Y (IIN) and

ending with Y (IOUT). IIN and IOUT were input in item 13.

Item number 15 contains data which locate this flap with respect
to the surface ahead of it, specify the inboard and outboard edge chords,

and give the streamwise deflection angle.

GAPIN the distance between the leading edge of this flap
and the trailing edge of the preceding surface,
measured in the plane of the preceding surface at
the inboard side of the flap

CRFIN inboard side-edge chord of this flap

GAPOUT the gap distance at the outboard edge of the flap
CRFOUT outboard side edge of this flap

DELXZ the streamwise deflection angle measured relative

to the wing root chord direction, degrees

A streamwise plane containing the inboard edge of a double-slotted flap
configuration is shown in the following sketch. The leading edge of each
flap lies in the plane of the preceding surface. All guantities in

item 15 are input as positive values.

GAPIN
' for |
WING Flapl / Crp

Item number 16 is included in the input data deck if NTCF = 1 in
item 14. These data specify the twist and/or camber distribution of

this flap. They are prepared in the same manner as described under
item number 8 for the wing except that the twist and/or camber angles
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_are measured relative to the angle of the flap inboard side-edge chord.

These angles are al

Item number 17

1 measured in a streamwise plane.

contains one index.

NRHS

the number of successive cases to be treated for
this wing-flap combination, NRHS > 1

The successive cases permitted by NRHS are those which affect only
the right-hand side of the equation set for the circulation strengths

(egs. (14) and (15)
unchanged in succes
23; therefore, the
and/or different je

The last six i

in ref., 1). Thus, the wing~flap geometry must remain
sive cases. Changes are permitted in items 18 through

successive cases may involve different angles of attack

t wakes.

tems of input data are repeated in sequence NRHS times.

Item number 18 contains seven quantities which are:

ALFA

KET

NFPTS

KJET

MJETCL

NJETV
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wing root chord angle of attack relative to the free
stream, degrees

index indicating whether or not an externally induced

velocity data set is to be input via tape 4

KEI = 0, no

KEI = 1, yes; data set is read from TAPE4 in a
3E13.6 format

number of points in vicinity of wing-flap combination
at which wing-flap induced velocities are to be
calculated, NFPTS > O

index indicating type of interference calculation
KJET = 0, no jet calculation, externally induced
velocities may be read in if KEI = 1
KJET = 1, jet interference calculation made one
time, no iteration
KJET > 2, iteration on jet centerline KJET times or
until convergence is attained, which ever

" occurs first

index used to restrict vertical motion of jet center-

line during iteration

MJETCL = O, no restriction of centerline motion

MJETCL = 1, centerline restrained from moving
vertically upwards toward wing or flaps

index indicating whether or not jet induced velocities

are to be included in external flow field calculation

when NFPTS > O

NJETV = 0, jet induced welocities not included

NJETV = 1, jet induced velocities included in flow
field calculation



NJETCL index used to restrict horizontal motion of jet
centerlines during iteration
NJETCL = 0, jet centerline is restricted from moving
laterally out of original X-2Z plane
NJETCL = 1, jet free to move laterally under influence
of wing-flap induced velocity field
The indices KEI and MJETCL are included for diagnostic purposes;
and for typical usage of the program, both indices should be zero. KEI
is used to input an interference velocity field induced by some source
of disturbance other than a jet wake. It cannot be used along with a
jet wake; thus, if KEI = 1, KJET = 0. The index MJETCL = 1 is available
to restrict the vertical motion of the jet centerlines in certain special
cases. On occasion, large induced upwash velocities beneath the wing
have forced the jets upward and caused unusually large jet interference
effects on the wing. The index MJETCL is provided so that the effect of
this upward jet motion can be investigated by the user.

The last index, NJETCL, is provided to restrict the lateral motion
of the jet centerlines. Under a swept wing-flap configuration, large
induced spanwise velocities can move the jet centerlines out of their
original planes. This can cause difficulties in the interference calcu-
lation if the spanwise distribution of vortices is specified in a symmetric
pattern about the initial centerline positions. Typical EBF measured
span-~locad distributions (ref. 4) indicate very little lateral motion of
the wake centerlines; therefore, the option to restrict this movement

is provided. It is suggested that NJETCL = 0 be used for best results.

Items 19 through 22 identify the initial jet wakes, and they are
omitted if KJET = O.

Item number 19 is a single card containing six indices pertaining

to the jet calculation. They are:

NHEAD number of heading cards to identify the jet model,
NHEAD > 1

NJET number of jet wakes ; NJET = 1 for one jet wake, etc.

NCYL number of entries in table defining jet parameters,

2 < NcYL £ 25

NNUM index controlling calculation of J-integrals reguired
by elliptic vortex rings
NNUM 0, integrals calculated analytically
NNUM 1, integrals calculated numerically
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NPRINT index indicating whether or not optional output from
the jet program is required

NPRINT = -1, minimum output
NPRINT = 0, induced velocities at wing control points
output from subroutine JET
NPRINT = 1, individual jet velocities at each control
point output from subroutine JET
NCRCT index indicating whether or not field point locations

are corrected with respect to vortex ring locations
NCRCT = 0, corrections made
NCRCT = 1, corrections not made (to be used for

diagnostic purposes only)
The last three indices in item 19 are provided for diagnostic

>

purposes only. For general program usage, these indices should be

NNUM = 0, NPRINT = -1, and NCRCT = 0. NNUM should be nonzero only if
difficulties arise im the calculation of elliptic jets. This is
discussed in a later section describing error messages. When the index
NPRINT is equal to zero, jet induced velocities at the control points
are output as they are combuted. This is a duplication of output. If
the user requires information regarding the contribution of each indivi-
dual jet to the total induced velocity at a control point, NPRINT = 1
will cause this output to be printed. NCRCT is an index used during
program development to investigate a situation in which a control point
was located very near the edge of a vortex ring. Unrealistically large
velocities were induced until the relative positions between the control
point and the vortex rings were corrected. This correction places the
vortex rings on either side of the control point equidistant from the

point.

Item number 20 is a set of NHEAD cards (from item 19) containing
hollerith information identifying the jet. The information may start
and end anywhere on the card and the information is reproduced in the

output just as it is read in.
The following two items are repeated in sequence NJET times,

Item number 21 consists of one card which contains the following

jet specifications:

GAMVJ (J) the strength of the vortex cylinder representing
the exit velocity of the J'th Jjet under the
left wing panel

DS (J) the ring spacing of the vortex rings in the J'th
jet; a typical value is 0.1 Ry where Ry is the
initial radius of a circular jet; if an elliptic jet
is to be used, the appropriate spacing is 0.1 bg
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XQ,YQ,2Q the coordinates, in the wing system, of the origin
of the jet model (YQ < O0)

Item number 22 consists of NCYL cards containing the following

information.
§g£§fg’gg the N'th set of coqrdinatgs specifying the cente;line
ZCLR(J:N) of the J'th djet in the jet coordinate system (fig.8 (b))
AJET (J,N) the semi-major axis of the vortex ring at the N'th
point on the centerline of the J'th jet
BJET (J,N) the semi-minor axis at the same point
THETA (J,N) the slope of the centerline in degrees at the point

being considered; THETA is negative when the center-
line is bent down to pass beneath the flap

DSFACT (J,N) scale factor for the spacing between the vortex rings
downstream of the N'th point; in region of wing
and flaps, the values should be 1.0; aft of the last
flap, the values can be greater than 1.0

When a circular jet cross section is being described, AJET = BJET; and

when elliptic cross sections are being described, AJET > BJET.

Item number 23 is a set of NFPTS cards containing the X,Y¥,Z coordi-
nates in the wing system, at which the wing-flap induced velocities are to
be calculated. This term is omitted if NFPTS = O.

Upon completion of the calculations specified by the above input
deck, the program returns to the beginning. Additional input decks,

starting with item 1, may be stacked one after another.

Sample Cases

In this section, two sample cases are described to illustrate the
input preparation and the use of the program. The first sample case
is a complete calculative example involving a four-engine EBF configu-
ration with elliptic cross-section jets. The second sample case is an
1llustrative example of a wing with multiple regions and multiple flaps
and a single engine. Its purpose is to provide a check run for the
program,

The EBF configuration chosen for the first sample case is the four-
engine model from references 3 and 4. The vortex-lattice layout on the
wing and flaps is discussed in the Vortex Lattice Arrangement section

and the actual lattice arrangement is shown in figure 3. The flap
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deflections chosen for this case correspond to the landing configuration,
5f1/5f2/5f3 = 159/359/55°, This particular configuration and lattice

arrangement are used extensively for the comparisons with data in reference 1

The jet wake model chosen for this sample case is the elliptic cross-
section example discussed in the Jet Wake Specification section and shown
in figure 4. The initial jet centerline is one which resulted from three
iterations using the circular cross-section jet also shown in figure 4.
The calculation is set up to run two iterations (KJET = 2) because of
the large execution time required by elliptic jets. The total time
required for two iterations, with the input deck set up as shown in
figure 7(a), is approximately 600 seconds on the CDC 6600. If the
circular jet radius distribution shown in figure 4 is substituted for

the elliptic jet axes, the same run requires approximately 200 seconds.

A second sample input deck ié illustrated in figure 7(b). This

input deck, to be used as a check run for the program, describes the
- hypothetical EBF configuration shown in figure 8. The wing shown in
figure 8(a), is modeled as two regions for illustrative purposes, but
wing region 2 could just as easily be modeled as a flap surface with
zero gap and zero deflection. Double-slotted flaps deflected 20° and
40° and a single, unslotted flap deflected 10° make up the two regions
of the trailing-edge flap system. A minimum lattice is specified on the
lifting surfaces to keep the calculation short. Wing region 1 is
modeled by a 7 x 2 lattice and region 2 is modeled by a 2 x 1 lattice.
Flaps 1 and 2 have three spanwise rows of vortices due to their position
behind the wing. One chordwise row of vortices is placed on flap 1 and
two chordwise rows on flap 2. Flap 3 is represented by a single

vortex-lattice element.

A single circular jet wake with initial jet velocity five times free
stream (Cu = 0.5) is placed at Y = -11. Since this case is only a check
run for the program, the jet is not extended downstream of the last flap as
far as is normally recommended. The expansion rate is linear as the
radius increases to two and one-half times its initial value between
Xy = 3 and 18. A sketch of the jet and its position relative to the
wing and flap is presented in figure 8(b). The ring spacing is set at
0.1 and it is constant until Xy = 15 where it is doubled for the
remainder of the jet length. Assuming a turning efficiency of 75 percent,

the limit on the turning angle of the jet centerline is set at -30°.

28



Some incidental features of this sample calculation are the
following. Two iterations are specified (KJET = 2), and after the last
iteration, the induced velocity field, including the jeﬁ induced veloci-
ties (NJETV = 1), is calculated at four field points (NFPTS = 4). The
jet is free to move vertically (MJETCL = 0) and laterally (NJETCL = 1)
under the influence of the velocity field beneath the wing and flaps.
Pressure distributions are computed on the left wing panel, flap 2 in
region 1, and flap 1 in region 2. The output corresponding to this
input deck is presented in the next section.

DESCRIPTION OF OUTPUT

This section describes the output from the EBF. program. The contents
of a typical set of output from one of the previously described sample
cases is discussed. This is followed by a description of some of the

error messages which may be output during execution of the program.

Sample Case

The output generated during the execution of the sample case shown
in figure 8(b) is presented in figure 9. Each page of output is described

as follows.

The first page of output, shown as figure 9(a), is headed by the
program title "EBF AERODYNAMIC PREDICTION PROGRAM," followed by the
identification information on the several cards at the front of the
input deck. This is followed by the reference guantities consisting
of the reference area and length and the center of moment location.
Next on the first page is the wing input data. All of the input
describing the wing geometry and lattice arrangement is included in

this section.

Output page 2 in figure 9(b) contains all the input data describing
the flaps including the geometry and the lattice arrangement. Also
printed on this page are the coordinates of the four corners of each
flap in a coordinate system fixed in the flap with the origin at the
leading edge of the inboard chord of the flap. The purpose of these
coordinates is two-fold. First, they illustrate the slightly distorted
shape of the flaps that occurs because the flaps are attached to swept
trailing edges of the upstream surface. The flaps are required to span
a certain length which is defined in planform; therefore, the actual
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surface must be longer when it is deflected around a swept hinge line.
Second, the coordinates are useful in locating the flap loading center
of pressure defined in the flap coordinate system and printed on a later
bage.

output page 3 in figure 9(c) is headed with the title "HORSESHOE
VORTEX PROPERTIES." This table lists all the properties of the lattice
elements on each lifting surface. The quantities in the last column
on this page labeled "ALPHAL(J)" are the input values of combined twist and
camber. This table completes the configuration dependent information.
The first item following the table is a list of the variables pertaining
to the run to follow. The angle of attack, ALPHA, in degrees, the
indices from item 18 of the input deck, and the convergence tolerance
(5 percent) are printed here. The last line of output on this page is
a statement regarding the limit applied to the jet centerline deflection.

If a limit is not specified, no statement is printed.

The fourth page of output is a listing of the jet input as shown
in figure 9(d). The variables printed are the same values input via
the card deck with the addition of two columns of numbers. The variable
SCL is the curvilinear distance measured along the centerline in the same
units as the other centerline distance variables. For a straight jet
centerline with no inclination (THETA = 0), SCL is the same as XCL. The
last column, identified as P, is the perimeter of the jet at the parti-

cular station.

The next page of output shown in figure 9(e) is the first output from
the program after the circulation strengths are computed. This page,
labeled "HORSESHOE VORTEX STRENGTHS FOR ALPHA = XX.X DEGREES, " contains
the computed circulation strength on each lattice element. The circula-
tion strengths (GAMMA/V) are printed in the last column on the page. Also
shown on this page are the externally induced jet velocities at each
control point. These velocities, UEI, VEI, and WEI are made dimension-
less by the free-stream velocity and their positive directions are defined
according to the wing coordinate system; that is, UEI is positive forward
and WEI is positive downward. If externally induced velocities are read
in via tape 4 (KEI # 0), these velocities are printed on this page. Also
noted at the top of the page, directly beneath the angle of attack, is the
iteration number "NTIME" that corresponds to the printed results.
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The output shown in figure 9(f) is headed at the top "AERODYNAMIC
LOADING RESULTS FOR ALPHA = xx.xx DEG." This is followed by a reiteration
of the reference quantities which are followed by the spanwise load
distributions. On each lifting surface at each spanwise lattice station
the span-load coefficient, the section normal-force coefficient, and the
section axial-force coefficient are presented. These results are normal
and axial to the plane of the particular lifting surface. Following the
section coefficients are the wing-alone force and moment coefficients.
These results are for both right and left wing panels. The axial force,
CAW, and the drag force, CDW, are both defined as positive aft. The
pitching moment is positive in the direction that tends to increase the

angle of attack of the wing.

The next section of output on this page is the individual flap
force and moment coefficients. These coefficients are for the flaps on
the left side of the configuration only. CNF is normal to the individual
flap surface and the center of pressure of the normal force on this flap
is at XF (CNF) and YF(CNF) where these coordinates are in the flap coordi-
nate system defined in figure 9(b). The axial-force coefficient, CAF,
and its spanwise center of pressure, YF(CAF), follow. The spanwise
force, CYF, and its center of pressure, XF(CYF), are the next items;
and finally, the hinge-moment coefficient, CHF, is the last item. The
sign convention of the flap hinge moments is such that a positive hinge
moment would tend to increase the flap deflection angle. The hinge
moments are taken about the flap leading edge. The last items on this
page are the complete configuration force and moment coefficients. These
are resolved into the wing coordinate system and the sign convention is

consistent with that described for the wing alone.

If pressure distributions are requested, they are output on the
next page shown in figure 9(g). The chordwise location, X/C, at which
the pressure coefficients are calculated corresponds to the location of
the bound leg in each lattice element. It should be remembered that
the pressure is constant over the entire lattice element. The last line

on the page is the number of the iteration just completed.

The velocity field induced by the wing-flap loading and the jet
models at specific points on the jet centerlines is printed at the top
of figure 2(h). The coordinates, in the wing system, correspond to the
points defining each jet centerline with the exception of the first two

points on each centerline. These points represent the physical engine
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location and are assumed stationary and not allowed. to move with the
remainder of the wake; therefore, induced velocities are not needed. The
perturbed jet position is shown on the lower portion of this page of output.
Notice that the jet deflection angle, THETA, is set equal to the prescribed
limit of -30° at two points on the centerline. Thus, the new centerline
has not been allowed to move as far as the induced velocity field wanted

to move it.

If a second iteration were not prescribed, the last page of output
containing the induced velocity field at specified field points would be
printed if requested (NFPTS > 0). If not requested, this would complete
the output.

However, additional iterations are requested; therefore, the jet
defined in figure 2(h) is allowed to interfere on the wing and flaps.
The results of the second iteration are shown in figures 9(i), (j), (k),
and (4) and these results are analogous to those just described in
figures 9(e), (f), (g), and (h),respectively. If convergence has not
been achieved or the maximum number of iterations completed, similar
groups of four pages will be printed until convergence or maximum number
of iteration is reached. At this point, a statement regarding the
convergence situation, number of iterations, and current level of con-
vergence (DEL) is printed as illustrated at the bottom of figure 9(4).
If convergence within the specified tolgrance (TOL) is achieved, the

message "***%* CONVERGENCE ATTAINED IN x ITERATIONS, DEL = X.XxX***%*" jg
printed.

The last page of output containing the induced velocity field at
specified field points is shown in figure 9(m). Note that both wing-flap
perturbation velocities and total velocities are printed on this page.

This concludes the discussioh of the output from the EBF prediction

program.

Error Messages

The following error messages may be printed during program
execution.

"ERROR IN JET, B.GT.A"

is printed when an elliptic jet is input with the semi-minor axis longer

than the semi-major axis. This is a fatal error.

"EXECUTION TERMINATED, ERROR IN DS"
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is printed when the vortex spacing is input as zero or less than zero.

This is a fatal error.
"ANALYTICAL J(N) ERROR, XX POINTS"

is a warning message printed to alert the user that the analytical calcu-
lation of the J-integrals had numerical difficulties at the noted number
of points. The program automatically switches to a numerical calculation
technique for these points; therefore, the anéwers are correct. If the
number of points is a large fraction of the total number of control
points, there may be some error in the specifications of the jets or in
the location of the jets with respect to the lifting surfaces. For
example, this error message would be printed if one of the jets was
located outboard of the wing tip by mistake or if the jet centerline

was located in the plane of the wing. If the error message persists,
consider switching to the numerical technique via the index NNUM in the
input data. The penalty for using the numerical procedure is increased
computer time and a slight decrease in the accuracy of the jet induced

velocity calculations.

If the jet centerline deflection angle becomes -90° or less during

iteration, the following message is printed.
"ERROR IN JETCL 3j k -90.00"

where Jj is the number of the jet and k is the number of the point on
the centerline causing difficulty. This is a fatal error. The error

is caused by this particular point being too near one of the vortices

on the wing or flap. To correct the situation, adjust the position of
the point in question upstream or downstream a small amount and rerun

or restart the calculation with the previous iteration.
PROGRAM LISTING

The EBF aerodynamic prediction program consists of a main program,
WNGFLP, and twenty-four subroutines. Each deck is identified by a three-
letter code in columns 74-76 and each deck is sequenced with a three-digit
number in columns 78-80. The table below will act as a table of contents
for the program listing on the following pages.
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PROGRAM

WNGFLP
WNGLAT
FLPLAT
INFMAT
FLVF
SIVF
RHSCLC
LINEQS
SOLVE
LOAD
FORCES
VELSUM
JET
JETCL
CORECT
VRING
ERING
JINTEG
ELIl
ELIZ2
ELLIPS
QUART
CUBIC
QUAD

SIMSON

IDENTIFICATION

WNG
WLT
FLT
INF
FLV

SIV

LIN
SOL
LOD
FOR

VEL

JCL
CRT
VRG
ERG

JIN

EL2
ELL
QRT
CBC
QAD

SIM

PAGE NO.

35
37
39
41
43
43
44
44
45
45
46
49
51

53
53

54
54
55
56
56
57
58
58
58

58



1

PROGRAM WhBFLP{INPUT,DUTPUT, TAPESSINPUT, TAPEGIDNTPUT, TAPESL) RN

c.l'll..l.'..l.l.'.!ll.'.tlﬁ.ll)l!'l..l..llll...‘t. LR RS FTITTEFEE L EE R TN
AN

< TAPE4 I3 THE INPUT UNIT FOR THE EXTEANALLY INDUCED VRLOCITIES whi
»NG

CA e AR AN RS AR ARt d NSRS ARAN A AN ANRANAR R AR IR AN N ARUGRRARRS ARG aRdRanan nNG
4 NG
g WING AND MULTIPLE FLAP VORTER LATTICE PROGRAM wlTH UEPLECTED #aKE aNG
wNG

' MODIFTED YO IMCLUDE JET INDUCED VELOCITY FIELD CALCULATINN "NG
c AND [TRRATION UN JET CANTERLINE nNG
[ NG
c OIMENSION STATEMENY NG
4 NG
DIMENSION WEAD(20) nNG
DIMENDION RCLR(2,29),YCLR(2,25),ZCLR(2,25), THETA(R)29),AJET(2,25), WNG

c BJET(2,25).%Q(2),YO(R),20(2),0ARVJ(2) NG
WNG

c TYPE STATERENT aNG
4 WG
LOGICAL EXVEL NG

[ WNG
4 COMMON BTATEMENTS i
¢ nNG
COMMON ZREPQUA/ BOPAN,SREF,REFL,XM,IN NG
COMMON /INODER/ MBW, MW, mTQT )NCWE(30), IMAX,NFBEG(J0) LABTF(30) NNG
COMMON /CPDAT/ ALPHAL(290),XCP(23503,YCP(250),ICP(R%0), WNG

1 CALPNLE290),9ALPHL(2%0) wNG
COMMON # INDEXF/ NFREG,NFLAPS, ROSLAP(10,2)yNCP(10),MBF(10),MF(10), WNG
IRQTART(10),MEND(10) ,NFEEGF(10) NG
COMMON 7BLDAT/ XBL(230),YBL(350),20L(2%50),TP81(2%0),0%(250) WNG
COMMON /RBIDE/ CIM(250),UEL(RS0),VEI(250),wET(280) wNG
GOMMON 7ATAK/ SINALF,COSALF NG
COMMON /RVELS/ UP, VP, wP wNG
COMMON FNORM/ CNT nNG
CUMMON 7XYICL/ NJET)NCYL,XCLR, YCLR, 2CLA,THETA,AJET,BJET, WNG

1 X0,Y0,20,GaMYY WNG
COMMON ZUYNCL/ U(2,2%),V(2,88),w(2,08) LI

c COMMON /CLEALC/ MJETCL,NJETCL, THMAX wNG
nNG

g SLANX COMMON we INCREASE LENBTH FOR NON®BCS USE DF PROSRANM NG
LL1)

COMMON BYN(1) LLTH

C wNG
[ FORMAT BTATEMENTS WNG
4 NG
701 FORMAT(1018) wNG
702 FORMAT(1M1, 20K, J4HEBF AZRODYNARLIC PREDICTION PROGRAM //) nNG
703 RORMAT(R0AG) wNG
708 FORMAT(IX,20A4) wNG
708 FORMAT(8%10,0) NG
T06 FORMAY(//5X,BTHREFERENCE QUANTITIRS USED IN FORCE AND MOMENT CALCU wNG
ILATION/LOX, UHAREA, 10X, {HE) P11 D710, 6MLENGTH, BX, 1HR,P11,5/10X, LL17
QIIHMOMENT CENTER/ISX, 2AXM, TX, [N8, F11,5/18X, 2HIM, TX, 11m,F11,5) wNG

722 FURMAY(INL, 48X, 2THHORGESHOE VYORTER PROPERTIES/ /12X 10CINR), 1IN HIN WNG
16 DATA ,10(tMe)) wRG

723 FORMAT(/IX,4HYORTEX,2X, JuHeCOORDINATES OF BOUND LEG MIDPOINT,2X, LLL]

1 3iHowsCOORDINATES OF CONTROL PQINTwew,2X,30M0,L, 38LEP,2X, wh

2 LOMMALF@WIDTH,SX; THOURFACEZ1X s GHNUNBER, J 08X, SHELOPE/6X, EHJ/ bXy L1}

3 tHllL(J):tl.OHVIL(J)-b!,bNIILtJ).tl.bﬂl:!(i),tl,ohvc’(J!:blv uNG

& QHICP (I, ex, oHPET(J), TX, SHERC), SX, IHALRMALTIJI/) uNG

T24 FORMAY(4X,13,9(2X,F10,5)) =NG
728 FDIHAT(Illl;lOtht);OHIlGIUN-lIoSN FLAP,TI2,0M DATA ,10(INE)) LL1]
726 FORMAT(1M],20X%,39HHORSESHOE VORTEX STRENGTHE FOR ALPMA 2 , wNG

1 F3,1,8% DEGREES//12X,10(1He), 11H WING DATA ,10(1Hn) NG

2 19X, THNTINE & ,13) wNG

T27 FORMAY(Z1X,6HYORTEX,2X,38HereeeCONTAOL POINT COORDINATESewes,qX,  wNG

1 3uMeveoEXTERNALLY INDUCED VELOCITIES®w»,3X, 9HGAMMA / v/ 1X,HNUNBER wNG
2 70X {HI 0N, 8HXCP(J)  0X@HYCP L) 0, 6HZICP(J) 40X, 6HUEI(J) 10X, wNG
3 GHVEI(J) 20X, 6HwEL(J)/) wNG
728 FORMAT(AX,13,7(2X,F10,5)) NG
T29 PORMAT($F10,0) UG
TSe PORMAT (//710%,39%JET CENTERLINE DEPLECTION ANGLE LIMIT 3 ,F7.{) nNG
732 FORMAT(F10,0,915) whi
733 FDIHAT(!!\! (3] WNG

734 ’DRHlei“l,iOK QIMHING/FLAP INQUCED PERTURBATIIN VELOCITIES/28X, nNG
| 25HAT SPECIFIED FIELD POINTB//15Xo1HX 9%, 2HY, 90, 1H],88,6MU/VINF, NG
2 WX ORV/VINF UX,0HR/VINF) whG

aono

oo oo nOon ocoo foon

acaon

o6

oo

738

1
2

3
750

151 Fonnar (/754 -n:n,:x?)ntuuV!lGENt: A11A1NED INGIB,2X1ONITERATIONS,
152 FORMAY (//7/7/710XSHALPHASXIHKE], TXSHNFPTS, SXUNRIET ) BXIHTOL , 4X6HNJLT

1
153

!
154

788 FDRNAT CIHE 28X, 4UHINDUCED VELOCITIES AT SPECIFIED FIELD POINTS //
40X 0lHIsnoevnee RING/FLAP sonasvaveslosa NING/FLAP+JETEV]

2
3

1000

S0
!

FURMAT{10X,9F10,5)

"
736 FORMAY (1MH],20X714nING/FLAP anND JET INDUCED PERTURBATION VELOUCIT1E

3 ON YHE JEY CENTERLINE 4/ a0x,

6iM]oaswense WING/FLAP 1 Jet 1

ISX, IMX)OX) IHY , 9K1NZ,GX, 20X, 6NU/VINF ) 4XORV/VINE s 4RONw/VINF ))
fUR"AT (/7 SHM aews, 2X208N0) CONVERGENCE AFTEW,13,2%)10HITERATIUNS,
SXSHTOL woFT7,d,5x5HDRL 8,F8 4, 2XaKanas )

SXSHDEL 8,F0,8,2XaHnate )

CL:SXSNNJEYV,5!5NNJLTCLI§IF10,},llxl,Ollu.1lIZ.Fll-irli-!l1llll)

FORMATY (/7 SH aeandX,38HCENTERLINE SLUPES INDICATE CONYERGENCE
2RUHerne)

FORMAT (/7 SXIKITERATION ,13)

NP wumeeo]/43X,23HPERTURBATION VELOCITIER /
18X, THX ) 0%, LHY s OX1HZ 8K, 2 (4, 0HU/VINE J UXOHV/VINF ;dRONU/VINF ))

CONSTANTS
DATa DTOR/, 01745329/, FOURPL/12 56037002/, 2ERD/0,/
INPUT AND QUTPUT CASE IDENTIFYING INFORMATION

READ ($,701) NHEAD
IFCEOFLS)) 1.2
sTor

CONYINUE
WRITE(S,T0R)

D0 3 tai,NHEAD
READ(S,703) HEAD
WRITE(6,708) HEAD

INPUT AND QUTPUT REFERENCE QUANTITIES AND MOMENT CENTER LUCATION

READ(S,Y2%) SREF,REFL,XM,IM,TOL,DTM
IF (BTH,0£,0,0 ,OR, DYH,LT,080,0) DTHRu0,0
WRITEC6.T708) SREP,REPL,UN, 2N

INPUT AND OUTPUT wING DATA AND LAYOUT WING VORTEX LATTICE
CALL WNBLAT

INPUT NUMBER OF PLAP REGIONS

READ (5,701) NFREG

INPUT DATA FOR ALL FLAPE AND L&Y QUT YORTICES

NFLARS o0
IF (NFREG,GT,0) CALL PLPLAT

COMPUTE BINE AND COSINE OF LOCAL ANGLE OF ATTACK DUE TO TwnIST AND
CANBER

00 41 Jui.,mTQY

ALFUATAN[ALPHAL(J))
CALPHL(J)mCOB(ALP)
SALPHL(JIWBINCALF)

WRITE WING VDRTEX DaTA

WRITE(8,722)

WRITR(®,723)

DD S0 Wul,Mw

PEIGNRATAN(TRSI(K))/0TOR

WRITE (O, TRE) X, XBLIK) ) YBLCK), ZBLIK), KCP(K) »YCP LX), ZCP(K),PSIGH,
WK}, ALPHAL (X)

IFINFLAPS,EGQ,0) GU TO oS

wRITE FLAP VORTEX DATA

DO 60 NFBi,NFLAPS

WRITE (64725) IDPLARCINF, 1), IDFLAP(NE,2}
WRITE (6, 72))

KLBMITART(NF)

KUBMEND (NF)
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o0 oo Doao

OONOOaNA0ONNO0A0N0000

ono

a0

7

7

-

00 S§ Xmkl,xUu
PSIGHRATAN(TPSI(X))/DTOR

93 WRITE(H,724) K, XBLOK),YAL(K),ZAL(K),XCP(X),YCP(K), ICP(K),PSIGH,

1
60 CONTINUE
65 CONTINUR

Sw(K) ALPHAL(K)

ADD CORE AREA FQR INFLUENCE COEFFICIENT MATRIX

IF REQFL I8 NOT AVAILABLE , REMOVE THI® SECTIOM AND INCREASE

THE DIMENIIONS QF FyN IN BLANK COMMON, ABOVE, TQ MTOT#HMTOT
WARERE MT0T w TOTAL NUMBER OF VOURTEX PANELS ON wING AND FLAP

1FLBa0
CALL mEQFL(IPLS)

CALL REGPL(LFL)

CALCULATE INPLUENCE COEFFRCIKNT LEFT MAND 8IDE, FYN
CALL INFMAT

TRIANGLULARIZE LEFT HAND 31D%

CALL LINEQB(MTOT,FVYN)

READ NUMBER OF RIGHMT SIDEB, AND FOR EACH FIND VORTEX
STRENGTHS AND LDAD DISTRIBUTION

READ(S,701) NRHS

00 79 xRai,NRNE

READ(S,732) ALFA,KEI,NFPTI,KJET, MIETCL,NJETY,NJETCL
IF (WJET,LE,Q) NJETveS

IF KJETe®0 NO JET CALCULATION, INDUCED YELOCITIES MAY 8E INPUT
»1 JET CALCULATION e NO ITERATIUN QN CENTERLINE
82 JEY CALCULATION » ITERATION ON CENTERLINE UNTIL
CONVERGENCE, OR KJET TIMED

MJETCLNO ORIGINAL JET CL CALCULATION METHOD
wi  JUT REBTRAINED FROM VERTICAL MOTION ¥iwamd wing

NFPTBUNUMBER QF FIRLD POINTS AT wHICH WINGeFLAP iNDUClD
VELOCITIES ARE YD BE COMPUTED

NJETVEO OQMIY JET INDUCEOD VELORITY FIELD
! INCLUDE JET INODUECED AND FREE STREAM VELOCITIED

NJETCL 8 0 NO LATERAL MOTION OF JET CL ALLOmED
NJETCL ® 1 JET €L PREE TO MOVE IN YeDIRECTION

NYINERO
1F (TnL,LE,0,0) TOLw0o,08

NRITE (6o782) ALFASKEI NPPTE, KJET, TOL MJETCL/NJETV NIETCL
IF (OTH, NE,a80,0) WRITE (4,¥86) OTH

THMAXRDTHDTOR

ALPRALFA

ALFAGALFACDTOR

SINALFa8IN(ALFA)

COSALFREDS(ALFA)

IF (MJET,LE,0) GO TO 74

INBUT INITIAL JET PARAMETERD AND CALCULATE JBT INDUEED VELOCITIES

EXVELaKJET N2, 0

CALL JEY (MTOT,XCP,YCP,2CP,URI,VE],WE],NTINE)
NTIMEGNTIMES]

O T0 7Y

READ EXTERMALLY INDUCED VELOCITIES SROM UNIT 4 [P KElwd AND KJETWO

EXVELSKET (NE, 0
tF (xg],EQ,0) GO 10 77
DO 74 Jai 10T

»NG 185
wNG 156
wNG 157
nhG 158
wNG 159
nNG 160
WNG 164
WNG 162
WNG 163
WNG 164
nNG 165

LLITNY
wNG 168
WNG 169
NG LT0
WhNG 171
WNG $72
wNG 173
WNG 174
NG 178
WNG 176
wNG 177
NG (78
NG 179
WNG 180
LLINY }1
aNG {82
WNG 183
wNG 184
wNG 183
WNG 186
WNG 87
WNG {88
WNG 189
wNG 190
WNG 191
NNG 192

NG 194
wNG 198
wNG 196
NG 197
whG 198
WNG 199
wWNG 200
WNG 201
wNG 202
®NG 203
WNG 204
NG 208
WNG 204
WhG 207
wWNG 208
NG 209
WNG 210
wNG 21}
NG 213
WNGARL2
WNGR212
wWhG 213
wNG 214
nhG 218
aNG 216
wNG 217
WNG 218
WNG 219
whNG 220
wNG 221
wWNG 222
#NG 223
*NG 224
wWNG 228
NG 226
NG 227
wNG 228
NG 229
wNG 239

non

o000 ono

oco0oo coon

nOon

76 READ (w,733) UEI(d),VEI(J),uEI(J)
T7 CONTINUE
“RITEC6,726) ALF ,NTIME
WRITE(6,72T)

CALCULATE RIGHY Manp SIDE OF EQUATIONS

CALL RWBCLCIEXVEL)

SOLVE FOR VORTICITY DISTRIBUTION FO® THIS RIGHT MAND SIDE
CALL SOLVE(CIR,FVN,MTOT)

PRINT VORTEX STRENGTHS

1F(,NOT EXVEL) GO TO &85

DD 80 NPsy,Mu

GAMMARCIR(NP) *f QURP]
80 WRITE(6,728) NP, XCP(NP),YCP(NP) 4 ZCP{NP),UET(NP),VET(NPY, wEL(NP),

1 GAMma

60 TO 8¢
8% CONTINUE

00 38 NPE],Mw

GAMMARC IR (NP)#FOURPY
88 WRITH(&,728) NP, XCP(NP),YCP(NP),ZCP(NP) ZERQ, ZERD, ZERD,GAKNMA
89 IF(NFLAPS,EQ,0) GO TO 96

DO 9% NFm},NFLAPS

WRITE (4,789) IDPLAPINE, 1) IDFLAPINF,Z)

WRITE(6,72Y)

MBIMETARTY(NF)

MERMEND (NF)

IP(,NDT,EXVEL) GO TO 92

DO ®1 NPmMP, ME

GAMMAWCIR(NP)*FQURP]
9!lhié1ltt:7il) NPy XCP{NP), YCP(NP), ZCP(NP) JUEI(NP),VES(NP) ,WET(NP),

MMA

GU T0 o5
CONTINVE
00 93 NPaMp, ME
GAMMAQCIR(NP)SFOURPY
93 WRITE(6,720) NP, XCP(NP),YCP(NPY,ZCP(NP) ZERC, ZERD, ZERD,GAMMA
95 CONTINUE
96 CONTINUE

CALCULATE LOADS, FORCES AND MOMENTS

CALL LOADCEXVEL)
CALL FORCER

IF (KJEY,LE,0) GO TQ '8
WRITE (6,754) NTINE
ITERENTINE

JET CENTERLINE ITERATION

IF {NTIME,GY,1) GO TO 7%
CNImENT

DEL®{ 0

G0 TO 193
DELN(CNIeCNT)/CNT
CNImCNT

7

-

CALCULATE wINGePLAP=JEY INDUCED VELOCITY FIELD ON JET CENTERLINE

173 CONTINUR
WALYE (6)T736)
NTIMEnwNTINE
JAsi
DO $7e¢ Jm),NJET
U(Js1)80,0
utJ,2)mo,0
V(Js1)ug,0
viJ,2)m0,0
LICYESLI Y
n(J,2)80,0
DO 176 Km3,NCYL
XFPEXQ(J)eXCLREJ K}

nNG
LL1A
nNG
NG
ANG

wNG .

whG
wNG
NG
NG
NG
wNG
NNG
WwNG
nNG
WNG
wNG
aNG
NG
whG
NG
WNG
»NG
NG
LL1]
nNG
nhG
WNG
WNG
WNG
wNG
whG
whG
whG
wNG
NG
whG
»NG
NG
wNG
nwNG
kNG
nNG
whG
wNG
WNG
wNG
nNG
wNG
wWNG
wNG
nNG
»NG
WNG
wNG
ahG
nNG
wNG
wNG
wNG
wNG
whG
NG
wNG
L1
wNG
LLI
wNG
aNG
WNG
nNG
LLI1A
wNG
WNG
whiG
wNG
WNG
wNG

234
232
233
234
238

237
238
23%
240
auy
262
243
264
248
24e
247
2us
249
250
254

k%2

253

255
256

258
259
260
261
262
263
264
265
266
o7
268
269
270
2Tt
212
273
214
275
276
an
278
279
280
28]
282
283
284
205
286
287
2868
289
290
291
292
293
2%
293
2%

298
299
300
301
302
303
304
305
306
307
308



€

O oon

o0

X XaXaXaXs

17

17

1347
170

78

10
10

~

1ns
108
110

7%

-

YPPaYQUJ)eYCLR(J,K)

IFPa20(J)e2CLA(J K}

CALL VELSUM (XFP,YFP,2FP)

CALL JEY (JA,XFP,YFP,2FP, UL, VEL,mE],NTINME)
ViJex)auP « UEICL)

V(J.R)BYP o VEI(})

WiJ,KImRP o WEI(T)

WRITE (0:738) XEP,YPFP,ZFP,UP,YP,wP,UEI(1),VEIL1),uE](Y)
CONTINUVE

NTYIMEseNTINE

CALL JETCL (NTIME,TOL)

IF (ABS(DEL),LE,TOL) GO TO 178

IF (NTIME,GE,XJET) GO YO 178

1F (NTIME,$2,9%) GO YO 178

80 10 13

NTINER®99

COMPUTE FINAL PORITION OF JET CENTERLINE
CALL JEY (WTOT,XCP,YCP,2CP,UEY, VEI,NEI,NTINE)

IF (ABS(DEL),LE,TOL) GO YO 170
IF (NTIME,GU,KJET) GO TO 178
l; :NY!:U-G!.'O) WRITE (4,733)
®RITE (6,780) KJET,TOL,DEL

60 10 14
WAITE (6,791) IVER,DEL
CALCULATE VELOCITIFS AT SPECIFIRO PIELD POINTY

16 (NFPTB,E0,0) GO TD $30

1F (NJETY,LE,0) GO 10 §03

RRITE (6,798)

60 10 102

WRITE C6.T34)

CONTINUE

NTIMEpe}

Jas{

DO 103 Jul,NFPTR

READ (5,708) XPP,YPP,1FR

CALL VELBUM (XFP,YPP,IFP)

1F (NJETV,LE,0) G0 TO 104

CALL JET (JA,XFP,YFR,TFP, VLY, VRL ) WED,NTINE)
VET(1)mUELI(1)eUPeCOBALF

VEI(1)sVELI(1)evP

WESCEIAMELI (3 ) enPoBINALF

lll;l (8 738) XPP, YRR ZFP UP, VO WP, UET(Y), VEZ (1) RLILY)

10 $0
WRITR (6,738) XFP,YFP,IFP,UP, VP, NP
CONTINUE
CONTINVE
CONTINUE
G0 TO 1900
enp

BUBROUTINE wWNGLAT

1418 SUBROUTINE READS IN THE wING INPUT DATA AND LAYS OUT THE
WING VORTEX LATTICE

CUMMON BTATEMENTS

CUMMON ZTOLRNC/ TOL

COMMON sREFQUA/ BBPAN, SREF , REFL AN, IN

COMMON 7 WNGDAT/ Y(30),PEINLE(Y0),PRIWTECIO) 4 3PHIn,CPHIN, TPHIN
COMMON /INDEX/ MBu, MW, MTOT,NCRI(30), INAX,RFBEG(30),LASTF(30)
COMMON 7CPDAT/ ALPHAL(280),XCP(230),YCP(2%50),2CP(250),

§ CALPHL (2503, 8ALPH (250)

CORMON /TLDAY/ KTER(30),XTEL(30),XTLRL250), YTLR(250),2TLR(290),

NG
aNG
WNG
WNG
nNG
whG
NG
nNG
wNG
wNG
L1114
uNG
L1
WNG
wNG
L1
LL13
®NG
wNG
®NG
wNG
wNG
[ 11
NG
wNG
NG
WNG
wNG
LL1Y
LLIY
NG
nhG
nNG
NG
uihNG
wWNG
wNG
NNG
WG
whG
NNG
LLI
LL ]
nNG
(11
NG
aNG
WNG
NG
wNG
wNG
WNG
wNG
WNG
WNG

001
002
003
(4.1]
008
006

(1]
coe
010

012
013
o0&

fOon ana

con oo ooo

T01
T02
793
704
708

708

707 FORMAY(/15x,39H3PaNn]SE LOCATIONS OF TRAILING VURTEX LEGS, SwEEP a
INGLES OF/20X,6SHaING SECTION TD THE RIGHY AND NUMBER UF FLAPS BEH]

To8
709

T FOINIT(/!SI;I.NTH!I REGION EXTENDS ¥ROM v 8,F10,%3,78 TO Y u,F10,9)

m

o

20
e

22
23

1 oXTLL(2%0),YTLL(250),2TLL(250)

COMMUN /BLDAT/ xBLI2S0),YBL(250),28L(250),TPSI(250),3n(250)
CUMMON /PTLDAT/ FILXR(250)FYLAL(250) PTLZR(250) 6 TLZL(250)
COMMON /(L DCONE/ CUNS(250),CONBN(2%0),CONRL(250),TEnP, TENR
CUMMUN #CHORDS/ CHRDLW(30),CRODTFC10),CTIPF(10)

COMMON /PREDAT/NPRESN,NPRESF (10),ELAREA(ZS0),XLE(30)

DIMENSION STATEMENT
DIMENSION XTE(30)
FURMAT STATEMENTS
PORMAT(1019)
FORMAT(8510,0)

FORMAT(y/SX, 1SHWING INPUT DATA)
FORMAT(//710%, 1 INREGION NUMBER,13)

FORMATY(15X,20nINBOARD EDGE CHOND w,Pi0, 5/15!|0NI!IKIDAN,lll,lNu.

1F10,8/151, 14#DIHEDRAL ANGLE,3X INI.FIO.
FORMAT(/13%,13,4In VORTICES AR‘
112,421 BPANWISE 8Y,13,100 CHORDRISE)

ND THID SECTION//21K,8HEPANWIAR) 7X,8HLE BWEEP, TX,QNTE BnEEP,TX,
J6HNUMBER/21X,8HLOCATION, 37X, 4HOF FLARS)

PORMAT(BF10,0,1%)

'UIHAY(l’loI'IS $,9%,12)

FORMAT(318,2F10,

0)
712 PORHAv(IlSI,IsanBDAlD SIDE«PDGE CHORD #,P10,5/15k, 1OHTHAILING £0G

1€ OwEEP, 5,118, F10,5)

CONBTANTS

DATA DTOR/0,01748329/,P1/3,16189265/
INPUT NUMBER OF wING REGIONS

READ (3,701) NWREG

INPUT REGION 1| DATA AND LAY OUT VORTICES

READ (%,702) CRw,33PAN,PH]ID

NREGw{

WRITE (4.703)

WRITE (6:704) NREG

WRITE (4,705) CRw,B8PAN,PHID

oL S{IIPiNe 1§, 0Le05) 00

READ (9,701) NCw MBW,NTCW,NUN],NPREBN
MWSNCHaNSH

HYOTeMwW

WRITE (69708) MW, MEn,NCw

IMAXENBWe ]

WRITE (&,707)

DO 10 Isy,IMAX

READ (S,708) YCI),POTwLECL),POInTE(I),NFOEC(T)
NCRI(I)SNCH

IF (1.60,4) %RITE (6,709} Y(I)

IF (1,NE, 1)

IWRITE (6)709) Y(1),PIINLECI),POINTE(LI),NFOEG(L)
IF (Y(1),67,0,0) Y(I)sev(])
CONTINUG
00 11 lai,maw
NPBEG(1)aNFBEG(Is1)

IF (NTCH,NE,0) GO TO 21

DO 20 Jai,Mw

ALPHAL(J)®0,0

GD 10 a8

IF (NUN1,NE,O) GO TO 23

LLT 1]

DO 22 JNwel,Mk,NCN

MNGMNeNEN

READ (5,702) (4LPHAL(J),JsdNn,pN)
G0 10 2%

READ (5,702) (ALPHAL(J),Ja1,NC)
D0 2¢ Jug,Min

JJs(Jel)eNCm

DU 28 xml,NCW

T0 St Ll!D OUT IN